Objective: economic and demographic pressures are driving a need to reassess the way in which we care for older patients presenting to emergency departments (EDs). This systematic review seeks to assess the extent to which performing comprehensive geriatric assessment (CGA) in the ED can reduce admission rates. Design: systematic search of both published and unpublished literature to identify studies reporting admission rates following the introduction of consultant geriatrician led teams performing CGA in the ED. Changes in inpatient length of stay and subsequent readmission rates were identified as secondary outcome measures. Results: five studies with a total of 28,434 participants were included. All of the studies reported statistically significant reductions in admission rates (ranging between 2.6 and 19.7%). However, variation in the degree of changes leads to uncertainty as to the financial viability of the intervention. No studies have yet examined the clinical effects of performing CGA within the ED. The results were far more varied with regards to inpatient length of stay and readmission rates, indicating that complex local factors, such as the design of community support services, may play an important role. Conclusion: consultant geriatrician led teams performing CGA within the ED can reduce admissions rates among older patients. It is unclear as to what impact such interventions have upon readmission rates or inpatient length of stay. Future research is needed to assess the clinical outcomes and financial viability of such admissions avoidance teams. PROSPERO registration number: CRD42016038840.
Introduction
Recent shifts in the political, financial and demographic environments have left English healthcare organisations facing unprecedented pressure, with commissioners and policy makers struggling to respond to numerous complex challenges [1] . In the period since 2006 hospital admission rates have risen 60% faster than population change, contributing to the looming bed access crisis that is already causing substantial problems throughout our healthcare systems [2, 3] . Those over the age of 65 figure disproportionately in hospital usage statistics, accounting for 41% of all non-elective admissions despite representing just 18% of the population [4, 5] . Once admitted, older people are far more likely to stay in hospital for more than two weeks [6] and are at much greater risk of experiencing adverse effects such as deconditioning, iatrogenic illness and loss of independence [7] .
Older patients also experience poorer outcomes in emergency departments (ED) where, historically, the complexity of their care needs has been poorly met and acute physicians have felt uncomfortable handling their treatment [8, 9] . When considering the current quality of ED care that older patients receive and the rapid rate at which the population is ageing, it becomes clear that a widespread shift in the way we care for acutely presenting older people is required. Such reconsiderations are underway globally, across a spectrum of countries facing the pressure of rapidly ageing populations [10] [11] [12] [13] .
Multidimensional, interdisciplinary assessment of an older individual's health and social care needs, or comprehensive geriatric assessment (CGA), in the inpatient setting has been shown to increase the likelihood of an older person being alive and in their own home 12 months following an admission [14] . The process is time-consuming and not naturally suited to the busy ED environment. In recent years, however, several studies have examined the establishment of specialised geriatrician led teams working within EDs to perform CGA and prevent the inappropriate admission of older patients who, with the right support, could return immediately to their own homes [15] [16] [17] [18] [19] .
A previous review has confirmed the feasibility of performing CGA within the ED [20] , but no paper has yet examined the effectiveness of CGA interventions at preventing admissions. A recent review found that EDcommunity transition services for patients aged over 65 did not reduce readmission, ED reattendance or mortality rates, but did not examine whether CGA within the ED could prevent unnecessary admissions [21] . The following systematic review seeks to assess whether consultant geriatrician led CGA within the ED can reduce admission rates, and how this subsequently impacts upon inpatient length of stay and readmission rates.
Search strategy and selection criteria
The methods and search strategy were documented in advance and published in the PROSPERO database (available at http://goo.gl/p6uXUg). The review was conducted in compliance with PRISMA guidelines [22] .
Information sources
The following databases were searched: Embase, MEDLINE, CINAHL, Google Scholar and the Cochrane Library. Unpublished literature and trial registry databases were searched using OpenGrey, UKCRN Portfolio Database and the UK National Research Register Archive to identify ongoing or recently completed trials. All searches were from conception to Week 3 of March 2016 without language limitation. The reference lists of related articles and all potentially eligible studies were hand searched for additional papers and included studies were 'forward-cited'.
Search strategy
The strategy used to search Embase and MEDLINE is displayed online (available at http://goo.gl/cBE1i1). Further to the publication of the PROSPERO protocol it was decided to search without outcome measures, meaning steps 8-12 were removed. Identical, or highly similar, strategies were used to search the other sources.
Eligibility criteria
The titles/abstracts of the retrieved studies were screened by two authors (S.J. and P.W.) according to the eligibility criteria detailed below. Full texts of trials deemed to be potentially eligible for inclusion were then assessed independently against the same criteria by two authors (S.J. and N.H.). Any disagreements were adjudicated by a third author, P.W.
Inclusion criteria
-Studies of older persons over the age of 65 presenting non-electively to EDs. -Studies in which the intervention consisted of CGA performed in the ED by a team that included, at the least, a consultant geriatrician. -Randomised controlled trials and observational studies.
-Studies reporting, at the least, inpatient admission rates.
Exclusion criteria
Studies in which CGA was performed after the final decision to admit as an inpatient or discharge had been made.
Data extraction
Data was extracted independently by two reviewers (S.J. and J.M.) into predefined data extraction tables. Extracted data was adjudicated by P.W.
Outcome measures
The primary outcome was a reduction in inpatient admission rates following presentation to the ED. Secondary outcomes were inpatient length of stay and readmission rates (at 7, 30 and 90 days).
Methodological quality
The methodological quality of each included paper was assessed independently by two authors (S.J. and P.W.) using the Risk of Bias Assessment tool for Non-randomised Studies (RoBANS) [23] . Their conclusions were adjudicated by J.M.
Data analysis
Study heterogeneity was reviewed using the data extraction tables. This revealed substantial heterogeneity in terms of study design, intervention team composition and population characteristics. The studies were therefore reviewed using a narrative analysis approach as it was felt that these design differences would compromise the validity of a meta-analysis and allow for potentially misleading results.
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Results
The results of the search strategy are summarised in Figure 1 . The searches identified 631 papers, of which 25 were deemed to be potentially eligible for inclusion following screening of titles. The full texts of these papers were reviewed and five were found to meet the inclusion criteria. The characteristics of the included papers [15] [16] [17] [18] [19] are summarised in Table 1 . Four of the included studies are before and after observational studies whereas the fifth study, conducted by Arendts et al., is a prospective non-randomised control trial. Table 2 contains a summary of the RoBANS quality appraisal findings. The majority (3/5) of the studies were found to be of good methodological quality, with two studies being of moderate quality. A theme recurring throughout the quality analysis was a failure to record important covariates such as patient independence status or comorbidity burden, which was undertaken in just one study [16] .
The interventions
All the interventions consisted of MDT assessment of patients in the ED with the goal of overcoming medical and social barriers to safe discharge. This included evaluation of domains ranging from mood and cognition to falls risk and activities of daily living. In practice, most of the authors [15] [16] [17] 19] used standardised scoring systems and proformas.
Such interventions represent an adapted form of the CGA that takes place in the inpatient setting, truncated and redirected by necessity to better suit the acute environment. The term CGA is employed throughout this review in order to reflect the body of published literature and the close correlation of the intervention with inpatient practices.
Though the intervention teams varied in their composition, all contained at least a consultant geriatrician and older people's nurse. Three of the studies employed a physiotherapist and occupational therapist [16, 18, 19] , and Arendts et al. [16] . also had access to a dedicated social worker. All strengthened links with community support services. Two of the services (Ellis et al. and Sophia and Bashir) operated between 9 am and 5 pm on weekdays [15, 18] , whereas the other services operated 7 days a week with similar hours [16, 17, 19] .
Admission rates
The results of the included studies are displayed in Table 3 . All five reported statistically significant reductions in admission rates of older patients following the introduction of geriatrician led CGA to the ED [15] [16] [17] [18] [19] . However, there was a degree of variation in the magnitude of the results (reductions ranged between 2.6 and 19.7%), leading to 
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some uncertainty as to the clinical and economic benefits of the intervention. Conroy et al. conducted the largest included trial and found that their results (a fall in ED conversion rates from 70 to 61%) met the minimum reduction in relative risk of admission deemed to be necessary for clinical and economic significance (10%, from 70 to at least 63%) [17] . However, another of the large studies, conducted by Arendts et al., reported a reduction of such small magnitude (a drop in admission rates from 74 to 72%) as to leave the real-world clinical and financial benefit of their intervention uncertain [16] .
It is also important to highlight the results reported by Ellis et al. which, although positive and statistically significant (a 15.7% reduction in the admissions rate, P < 0.0005), were collected at a different point in the care pathway to the other studies and so are not directly comparable. The results correspond to patients transferred to a subunit within the ED established for the care of older patients, to which the CGA intervention was introduced, rather than to the ED as a whole.
Significant reductions in admissions among non-intervention populations were reported by both Conroy et al. (risk ratio of 0.76 for those aged 16-64 years, 95% CI: 0.71-0.81) [17] and Ellis et al. [15] . This stands in contrast to the findings of Wright et al. who report a significant increase in the admission rates of non-intervention patients (P < 0.001) [19] . Can consultant geriatrician led comprehensive geriatric assessment in the emergency hand, report a two day fall in the median LoS among the intervention group (P < 0.001), and a 1 day fall in the overall median LoS (P < 0.001) [19] . Sophia and Bashir also report an absolute reduction in the mean length of stay [18] , contrasted by Conroy et al. who report an absolute increase [17] . However, it should be noted that neither of these papers state the statistical significance of these results. Furthermore, the increase reported by Conroy et al. occurred in every age group, not just in the intervention population. Two of the papers examine the intervention's effect upon readmission rates. Both Ellis et al. and Conroy et al. found there to be no significant difference in readmission rates at 7 and 30 days [15, 17] . However, Conroy et al. do report a fall in readmissions among the over 85 s at 90 days (RR: 0.77 95% CI: 0.63-0.93) [17] .
Length of stay and readmissions

Discussion
This review has found evidence to suggest that consultant geriatrician led CGA performed in the ED can reduce admission rates among the older patient population. However, the degree of variation in the intervention methods renders it difficult to generalise the results and provide a clear roadmap for the successful implementation of similar services.
A key example of this variation is the study by Ellis et al., which reported results for a care of the elderly subunit within the ED, rather than for the ED as a whole. While more similar in service design, all of the other studies varied from one another in multiple aspects, including staffing composition, working hours and associated community support services. Although this heterogeneity prevents meta-analysis and direct comparison of numerical results, conclusions can be drawn through the identification of trends and patterns.
The defining difference between the studies reporting positive results and the Arendts et al.'s paper, which reported results of borderline significance [16] , is the method of patient selection. While the other studies relied primarily upon the professional discretion of the intervention teams for patient recruitment (within the confines of broad inclusion criteria), Arendts et al. only accepted patients presenting with one of 10 index conditions. Through subset analysis they concluded that CGA in the ED only significantly reduces admissions in highly episodic conditions, such as angina, or musculoskeletal pain. None of the other studies performed similar subset analysis by presenting complaint to enable corroboration of these conclusions. However, it may be that maintaining a degree of professional discretion with regards to patient selection improves the effectiveness of admissions prevention in the older cohort. This would suggest that the primary value of CGA in the ED is to identify and overcome social barriers to discharge rather than to guide medical treatment. Research into the clinical outcomes of such interventions is of course required before confidence can be placed in any such conclusion. If this is the case, well integrated community support services and links with primary care will be essential for the success of any admissions avoidance system employing CGA within the ED. The availability and effectiveness of such services will have a strong influence on the ability of ED teams to facilitate safe discharge, especially for complex patients who previously would have required admission. The importance of such links is well recognised and emphasised by influential bodies, such as the King's Fund [24] .
In several of the included studies the intervention also appeared to influence the admission rates of non-intervention populations. Both significant increases and decreases in nonintervention admissions were reported, suggesting that multiple local factors may be involved. Reductions in nonintervention admissions were postulated to have been enabled by the reduced work load of ED staff and wider cultural changes resulting from the increased emphasis on early discharge [15, 17] . It is possible that the actions of the CGA teams changed the perception of admission among ED staff from being the safest option in cases of uncertainty to an action accompanied by its own set of risks [7] . The increase in non-intervention admissions seen by Wright et al. [19] was hypothesised to have resulted from increased capacity within the hospital and saturation of community support services. Introduction of admissions avoidance teams into EDs could therefore produce unanticipated effects on ED, wider hospital and community performance. Comprehensive, locally focussed evaluation of the healthcare environment is therefore advisable before admissions avoidance teams are created. 
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This theme continues when analysing the effect that performing CGA in the ED has on inpatient LoS. The results are varied, with a significant decrease in median LoS reported as well as no significant change and absolute changes in both directions. It should be noted that some studies reported median figures and others mean values, rendering direct comparison impossible. The factors involved in influencing LoS are no doubt numerous and complex. It is possible that performing CGA in the ED results in a higher proportion of admitted patients with complex social needs and/or serious medical requirements, contributing to a rise in LoS. Equally, early identification of these issues may help inpatient teams deliver individualised care and smooth the eventual discharge process, contributing to a decrease in LoS. Research in this area would provide a useful insight into how admissions avoidance teams can be best designed to improve hospital performance.
Too few of the included studies reported the effects of the intervention on readmission rates for this review to perform meaningful assessment, which is disappointing as readmission rates are often used as an indicator of service performance [25] . This is an area for future research. It is also important for future research to evaluate the clinical and patient-centred outcomes of CGA interventions, in order to ensure that discharged patients are not adversely affected either medically or socially.
Some idea of what such research may find can be found among the backdrop of evidence pertaining to other geriatric ED services, such as the ED-community transition services (ED-CTS) recently reviewed by Lowthian et al. [21] . ED-CTS interventions consist of some form of geriatric assessment before discharge from the ED, which is used to guide appropriate community follow-up and referral. Lowthian et al. found no evidence to suggest that such services reduce readmission, ED reattendance, or mortality rates among the elderly cohort. None of the studies included in this review were included by Lowthian et al. The CGA interventions examined by this review were employed far earlier in the ED care pathway than in ED-CTS services and, crucially, the process guided ED care and the subsequent decision concerning patient admission/discharge (studies that included patients admitted to hospital were excluded from the Lowthian et al.'s review). Although this review was unable to examine the interventions' effect upon readmission rates and did not seek to examine other long-term outcomes, the results of the Lowthian et al. review do cast some doubt upon their ability to influence such domains. It is possible, however, that CGA performed early in the care pathway allows for more balanced identification of patient needs and therefore of the patients who would most benefit from ED-CTS style input. Putting this supposition to one side, it is important to remember that in the current commissioning climate and wider policy environment [26] , interventions that can successfully reduce hospital admissions are welcome even if they do not carry longer term effects. Future research into the financial viability of CGA admission avoidance services is therefore required to supply commissioners and other stake holders with comprehensive evidence of their value.
There are several important limitations to this review. Firstly, although the majority of included studies were of good methodological quality, none were randomised and many of the studies were pre-post analyses in which broader changes to the healthcare environment may have influenced results. Furthermore, the majority of studies did not report patient characteristics, meaning it is theoretically possible for there to have been differences between comparison groups. The nature of service evaluation makes it practically and ethically difficult to conduct RCT research but, where possible, more robust research methods should be employed in future assessments of this issue. It is also important to state once again that the included interventions represent a truncated embodiment of CGA that has been adapted from inpatient practice to better suit the acute environment. We have employed the term CGA throughout in order to reflect the literature and the close correlation with 'traditional' CGA.
Despite its limitations, the importance of this review's findings should not be understated. The value of providing holistic and targeted care to older patients in the acute setting is set forth in the British Geriatric Society's 'Silver Book' [27] , and CGA has been proven to improve outcomes and lower costs in a variety of settings [14, 28] . Multiple influential reports [2, 6, 24, 29] have highlighted the growing need to reduce hospitalisation rates among older patients if our health and social care systems are to cope with the pressures of the ageing population. This review demonstrates that consultant led geriatric teams performing CGA in the ED may contribute towards that goal.
Key points
• Emergency attendance and hospital admission of older patients continues to increase.
• Consultant geriatrician led CGA performed in the emergency department reduces inpatient admission rates.
• Future research is needed to assess the clinical and economic viability of such services.
